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Abstract The smartification of industries is marked by the development of cyber-
physical systems, interfaces, and intelligent software featuring knowledge models, 
empirical real-time data, and feedback-loops. This brings up new requirements and 
challenges for HMI design and industrial labor. Social sciences can contribute to 
such engineering projects with their perspectives, concepts and knowledge. Hence, 
we claim that, in addition to following their own intellectual curiosities, the social 
sciences can and should contribute to such projects in terms of an ‘applied’ science, 
helping to foster interdisciplinary collaboration and providing toolkits and devices 
for what we call ‘interdisciplinary diplomacy’. We illustrate the benefits of such an 
approach, support them with selected examples of our involvement in such an en-
gineering project and propose using methods as diplomatic devices and concepts as 
social theory plug-ins. The article ends with an outlook and reflection on the re-
maining issue of whether and in how far such ‘applied’ and critical social science 
can or should be integrated. 
 
 
1 Social Science in Engineering Projects 
The transition from traditional to smart industries is indicated by the implementa-
tion of (digital) automation tools and the integration of cyber-physical systems, e.g. 
sensory interfaces, informed models and (self-learning) algorithms. This refurbish-
ment of factory (infra)structure is affecting HMI design decisions and the ways that 
such smartified plants are operated [Pos15]. Industrial smartification thus involves 
dense entanglements of business, organization, technology and labor-routine issues, 
all of which are of genuine interest to disciplines like sociology and “Science & 
Technology Studies” (STS). In the context of a deep involvement in an engineering 
project on smart factories and industrial automation, we as STS researchers have 
composed a qualitative methods toolbox to help understand the effects of a transi-
tion from traditional to smart production. In section 3 of this paper, we will give a 
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very short overview of this toolbox and how we used it in the project. We did this 
not only for the sake of a sociological understanding (of socio-technical arrange-
ments) but also for engineering purposes of human machine interface (HMI) design 
as well as to acquire technological, formal knowledge models. Similar methodolo-
gies have already been designed and elaborated in specific engineering disciplines, 
especially by those who work in the field of HMI [Jan16]. In HMI, but also other 
engineering fields, methods from cognitive science and ergonomics and also from 
the social sciences (in a way, since they are socio-scientific methods being used for 
different purposes) are commonly employed in order to acquire (expert) knowledge, 
develop mental models and assess suitable and supportive interface designs [Liu10]. 
By providing a toolbox, we further contribute by adopting sociological methods not 
limited to cases in which social science project members demand such a methodol-
ogy. We will also illustrate how such a methodology might contribute to the meth-
odological repertoire of this specific field of engineering, turning our methods into 
devices for interdisciplinary diplomacy. 
To illustrate the usefulness of such an approach, we used this toolbox and a set 
of STS concepts to develop recommendations for the training of industrial plant 
operators using several generic training scenarios designed specifically for smart 
factory HMI cases. We will highlight some of these recommendations in section 4 
of this paper. Our goal was to come up with a broader framework to constantly 
revise and update the training scenarios that have already been applied and also to 
train supervising staff in how to use the data generated thus far to sort out common 
patterns of successful plant operation that go beyond intrinsic plant models and 
practical operating guidelines like component maintenance. The purpose of such an 
approach is to help guide the reconfigurations of socio-technical arrangements in 
complex work environments that are at the core of transitions from traditional to 
smart production. Such a transition, we conclude, must be careful – following An-
nemarie Mol's notion of care [Mol08] in the sense that it needs care and must be 
taken care of – and we must be incremental to ensure it is done in a responsive and 
responsible way that helps to increase both the autonomy and the self-determination 
of operators and supervising staff. 
We will conclude this piece with a short reflection (section 5) on the affirmative 
or critical nature of such an approach to the integration of social science research in 
engineering projects. We will argue that while it is true that such deep integration 
in projects makes it tricky to criticize their overall ends, it is only through such 
immersion that it is possible to produce concrete alternatives and challenge taken-
for-granted assumptions in engineering.  
 
2 Smart Factories and Smart Collaborations 
As partners of the EU-funded project ‘IMPROVE’, we investigated the ‘socio-tech-
nical aspects’ of the project. IMPROVE is focused on developing automation tech-
nology for smart factories, improving plant surveillance for operators, and provid-
ing self-learning software that contains plant models and processes real-time data 
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which are used for early anomaly detection and malfunction anticipation. But how 
do we as social scientists and STS researchers function as a part of this project? We 
worked very close with the HMI engineers from IMPROVE who were not only 
commissioned with designing an interface for surveillance and detection features, 
but also with developing a decision support system (DSS) for plant operators in this 
and other smart factory contexts. Furthermore, their work package involved the task 
of eliciting expert informed mental models of the industrial project partners’ plants. 
To do this, they used card-sorting techniques and interview sessions with the tech-
nical and operating personnel from IMPROVE’s industrial partners. From this they 
were able to build ordinal cause-effect graphs to be used for operating purposes in 
terms of monitoring and decision support. For our deliverable as social science part-
ners, it was necessary to collaborate with the HMI project team in order to under-
stand their design assignments and means and thus to contribute by providing socio-
scientific consulting and complementary content like data or concepts. Our engi-
neering partners shared their data (and resulting models and prototypes) and took 
us with them to their inquiry meetings. Based on these data and experiences we 
attempted to understand the capacities and underlying strategies of their methodol-
ogy – an eclectic assemblage of psychological, ergonomic and social science meth-
ods. Furthermore, we could gather our own field data – on the investigated operators 
and our researcher colleagues and their very own social practices of engineering 
[Buc94] – and experimented with ways of analysis that could complement our part-
ners’ data analysis. While they used the data to create the plants’ models, we have 
tried to figure out some characteristics of operators’ labor routines that would be 
relevant to HMI design. As far as they could be reconstructed based on our dataset, 
we drafted concepts of how operators and supervisors handle problems, how they 
conceptualize their own practice, and how they configure their organizational roles.  
These very socio-technical arrangements that we have mapped informed our ad-
ditional tasks involving the development of a concrete, complementary toolkit of 
qualitative research methods that would fit such engineering projects. Hence, we 
not only acted as methodological consultants but, in particular, as methodological 
researchers who were tinkering with a particular toolbox that could inform HMI 
design and DSS features. Also, we experimented with generic training scenarios for 
operators in smart factories in ways that featured IMPROVE’s or similar technol-
ogy. We grounded both assignments in the same data and concepts in order to de-
sign an analytical setup for our toolbox and in order to develop training scenarios 
that took into account the operators’ particular practices and the specific knowl-
edges and skills that are required. Therefore, we have worked on a conceptualization 
for practice blueprints concerning the different types of problems operators encoun-
ter in their work. Our idea was that the HMI design and practices covered by the 
training schemes provided should be more integrated and could even feature recip-
rocal synergies. 
We have also observed another differentiation of methodological research ap-
proaches that is seen less frequently in sociological studies. In addition to the qual-
itative methods applied by IMPROVE’s HMI partners, other partners used data 
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mining to receive quantified, explicit data and models that would feature precise 
predictions. The applied quantitative and qualitative methods of our engineering 
partners were decidedly focused on explicit correlations and configurations of  data 
and models that were both quantitative and qualitative. Taking our own contribution 
into account, this adds up to a threefold (at least) methodological setup, where we 
provided research methods that mostly covered implicit, tacit knowledge and latent, 
subtle orders of practice. While our partner oriented their work towards use-cases, 
we were rather looking for ‘problem-cases’, e.g. unresolved tensions of interest, 
places of interference between engineering and worker (operator) mindsets. We pre-
pared a methodological toolbox because we wanted not only to contribute additional 
data as social science experts but also to add a perspective that could cross and 
integrate our partners’ quantitative and qualitative approaches and findings. To do 
so, it was necessary to re-think our roles as methodologists: (how) could we (re)in-
vent ourselves as socio-engineers of diplomatic devices within interdisciplinary en-
gineering projects? 
 
3 Methods as Diplomatic Devices 
Qualitative research methods are already known within the fields of engineering, 
especially digitalization. However, from a sociological point of view, these methods 
are not sufficiently elaborated – or at least not properly implemented and justified 
– by their users. In many publications that deal with such methodological needs or 
issues, corresponding methods are applied but not explained. In Software Engineer-
ing, this has been recognized and initial steps have been explicitly taken to turn 
towards more sound empirical research [Dit08], [Tor11], [Han07], but such an ap-
proach is missing from industrial engineering. Nonetheless, this must not be mis-
taken for some kind of sociological snobbism. This is not about pushing sociologi-
cal questions into other disciplines, but clearing up what such qualitative methods 
are capable of, and how their application can even be used to help produce an un-
derstanding of disciplinary boundaries and ways of crossing them. As a toolbox for 
collaborative projects, they can be thought of as diplomatic devices. We have turned 
several social science methods into such devices. In particular, we have focused on 
the qualitative analysis of technical documents and on ethnographic fieldwork. A 
textual version of this toolbox has been created for our project deliverable and will 
soon be published as part of collaboratively edited collection [Pas18].  
In engineering contexts, these methods – although in most cases it is only inter-
views – are used as knowledge-acquiring methods that are focused on objectives. 
These methods are, or at least seem to be, rather formalized, explicit and objective 
(insofar as they describe objects' qualities). As a result, such methods mostly consist 
of cognition science methods, ergonomics, and (complementary) interviews 
[Han07], [Jan16]. These interviews, in particular, seem to back up the other methods 
of model generating and literary review. Interviews, however, are not a standard 
procedure only within the humanities and social sciences. The sociological style of 
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doing interviews, however, is more elaborate in certain respects. This concerns sev-
eral methodological principles and guidelines, e.g. CA transcription (conversation 
analysis transcript or CAT) [Sch73] or the several interview guideline revisions 
(whether it is open, closed or structured) due to their pretesting results. From an 
engineering perspective, these methodological norms might seem very exaggerated. 
Furthermore, since engineering assignments were met with less methodological ef-
fort when it comes to using interviews for requirements engineering and testing 
purposes, one might be tempted to agree with this assessment. However, we will 
give several arguments to the effect that these efforts do, in fact, pay off scientifi-
cally and in terms of technology development and design. Integrating social science 
researchers and social science methodology enables a project to ground its work in 
a common understanding whose quality satisfies all its epistemological and tech-
nical requirements and which is common because it has been established collabora-
tively. For example, it is possible to ground the engineering of formal models, HMI 
and socio-scientific reflections on the same empirical data, thus increasing the ca-
pacity for (and likelihood of) synergetic exchange between different researchers and 
of the overall coherence within such a project.  
In the course of the project, we were able to accompany our engineering col-
leagues on requirements engineering visits, provide methodological consultation 
and host data analysis sessions. We attempted to turn the methodological canon and 
controversies of social science interview research into a toolbox equipped with a 
heterogeneous set of devices, we assumed that the organizing principle of such a 
collection of devices does not need to be rigor and coherence, but rather its useful-
ness. It was designed to be useful for the common project of treating the various 
actors we encountered (operators, managers, industrial researchers and, yes, our-
selves) as part of a ‘public’ as John Dewey understood it [Dew06]: as something 
that “cannot be mastered by anyone but that can be represented, over and over again, 
by the social sciences and the humanities” [Lat03]. This might also be identified as 
a Meadian institution, for it addresses “situations which we admit are not realized 
but which demand realization” [Mea23], thus are to be handled constantly in an 
infinite struggle of methodological feedback. This toolbox – a collection of revisa-
ble how-tos, visits and workshops – was the basis for our own substantial contribu-
tion to the overall project (see section 5 for a short reflection on this). It was also 
the basis for unpacking a controversy dealing with claims of validity, epistemic au-
thority and pragmatic usefulness instead of just glossing over the differences be-
tween disciplinary cultures by proposing a methods-based consensus. 
 
4 Social Theory Plug-Ins 
As partners in the project consortium, our task as STS researchers was not only to 
encourage interdisciplinary research and help our engineering partners talk to actors 
they encounter in the empirical context of industrial research and practice, but also 
to provide recommendations on how to deal with the reconfiguration of sociotech-
nical arrangements that are at the practical core of the transition from traditional to 
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smart production. Our recommendations for dealing with the reconfiguration of so-
ciotechnical arrangements are prototypes because the work of our engineering part-
ners, for example, on the use of machine learning for semi-automatic alarm analysis 
or on the prototype for a self-adapting HMI, are also proof-of-concept demonstra-
tors and prototypes rather than concrete implementations of a new version of a mar-
ketable production facility. We explicitly used three social theory plug-ins: a rela-
tional and procedural concept of agency based on pragmatism [Dew96], [Mea03], 
social science approaches to implicit knowledge based on practice theory [Col01] 
and a conceptual framework for human-machine cooperation based on Actor-Net-
work Theory [Pas15]. They provided the ground for our design and training recom-
mendations, we used them to challenge and rework the mostly implicit, but some-
times also very explicit, assumptions about work and automation, tacit knowledge, 
and HMI principles used for modeling and design by our engineering partners. As 
in the case of the toolbox described above, these plug-ins served a double purpose 
for us: they are at the same time provisional results of STS research in an engineer-
ing project as well as ways of intervening in the daily work of engineering practice. 
In this way, they open up already closed (and sometimes too quickly closed) debates 
about goals and work packages and propose alternatives and collaboratively de-
velop ways of dealing with the changes in sociotechnical arrangements introduced 
by the project as a whole [Jen01]. They are “lateral concepts” that enable “ontolog-
ical experiments” [Gad16], [Jen15].  
One example of this approach is the following: By using these social theory plug-
ins, we argued, in design meetings and in comments on requirements and models, 
that HMIs should not be regarded as one-way tools for monitoring and controlling 
machines because operators will then be required to solve the (nearly impossible) 
problems of translating their implicit knowledge into explicit machine instructions 
and of mapping (standardized) HMI features onto (tacitly) known routines and pat-
terns of trained behaviour. On the contrary, we suggested that operators should at 
least be able to organize themselves through the HMI and reflect upon the HMI’s 
role in their practices in case of suboptimal operating processes. This is no mere 
rejection of operator responsibility, which, since it plays a significant role in daily 
work should still remain on the operator’s side. Rather, it enables a different way of 
accounting for best practices, work-arounds, glitches and failures in any current and 
future HMI design. However, operators do not just use HMI. Training can focus on 
supporting operators to enhance themselves through the HMI, which will also help 
to resolve responsibility and decision dilemmas in case an integrated decision sup-
port system contradicts the operator’s intuition. We therefore suggested that opera-
tor trainings need to focus on three issues: a symmetrical approach to HMI that 
enhances human-machine cooperation and adaptation in both directions, classifying 
incidences by whether they require either implicit or explicit knowledge and man-
aging their (and other operators’) knowledge and experience through the HMI by 
giving feedback on provided information and recommended interventions as well 
as by reporting and storing their own knowledge and experiences. Social theory of 
knowledge in practice and actor-networks can thus be used to organize information, 
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classify incidences and provide an analytic framework for further, recursive adap-
tations [Ber98]. 
 
5 Involvement and Intervention 
The interdisciplinary approach we have presented here goes beyond the mere con-
tribution of extra-technological contexts like marketing, organization, policy, tech-
nology assessment or ‘nice to have’ contemplations. To reflect on the implicit prem-
ises of technological developments or on the societal meaning of their 
implementation is usually regarded as a genuine and specifically sociological duty. 
While, from an engineering point of view, such contemplation might rather appear 
as an ornament of interdisciplinary projects, it is exactly what social scientists re-
gard as their primary obligation, thus those often harshly criticize colleagues who 
engage with instrumental, affirmative tasks in such interdisciplinary projects for 
doing so. 
But are ‘applied’ and reflexive social science approaches, after all, mutually ex-
clusive options [Hor02]? Collaborations between social scientists and engineers re-
quire the social scientist, indeed, to get her- or himself into the technical, instrumen-
tal setup of the engineering project – and that means, at least for the sake of 
cooperation, accepting the project’s frame of reference and affirming the project’s 
cultural, economic and organizational premises, established facts and assumptions. 
As a result, social science critiques are constrained by the explicit ends defined by 
the project, and radical critique and reflections on the conditions of possibility of 
such social situations are rendered impossible. Although social scientists do not 
need to completely narrow their perspectives, concerns and issues regarding the 
project’s framework, collaboration might yet  compromise their capacities for social 
criticism. This is a concern that causes many social scientists to reject ‘applied’ 
science scenarios of social science. It is, of course, quite possible for social scientists 
to add subaltern interests and critiques to the tenor of what is taken into account 
concerning technological design. For example by reflecting on diversity and thus 
inspiring more inclusive interfaces or devices (e.g. airbags positioned to consider 
physiognomic gender disparities) or helping to design software that incorporates 
organizational responsibility and accountability distributions or that helps to elimi-
nate hierarchical tensions (e.g. bi-directional communication or feedback loops in-
stead of mere monitoring and intervening). In this way, immediate problems are 
resolved, but the structural sources of these problems remain intact and might even 
(re)appear in a hardened form. After all, collaboration can also be a pejorative term, 
and it thus holds on to this residual connotation despite its recent popularity in terms 
of interdisciplinarity [Nie14]. 
To conclude, is the integration of applied and critical social science designed to 
fail? It is unquestionable that, however such integration is done, it can neither avoid 
trade-offs (on the instrumental or critical side) nor replace proper, exclusive social 
criticism. Nevertheless, interdisciplinary collaborations between social scientists 
and engineers have two advantages: on the one hand, they offer a deep insight into 
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engineering cultures, in terms of engineers’ working culture and the cultural signif-
icance of technological artifacts with respect to their demands and effects. On the 
other hand, such collaborations enable social scientists to provide interdisciplinary 
diplomacy, to mediate and offer consultation within their project and with regard to 
its social context. Without forgetting about the aforementioned critique conundrum, 
both features meet certain aspirations of social criticism: to get involved and be in 
touch with social situations, to contribute tangible and actual (critical) interventions. 
This avoids the separation of practical and intellectual work corresponding to social 
segregation and stratification [Hor02]. Eventually, if “technology is society made 
durable” [Lat90], the usual critical practice of watching and judging from afar is 
more than unacceptable because the question of which society is made durable and 
how is a never-ending, substantial concern. Interdisciplinary diplomacy is a way to 
share and spread this concern within interdisciplinary collaborations and to start 
working (together) on concrete alternatives. 
References 
[Pos15]  J. Posada et al., Visual Computing as a Key Enabling Technology for Industrie 
4.0 and Industrial Internet. IEEE Computer Graphics and Applications 35 (2), 
26-40, 2015. 
[Jan16]  H. Jander/J. Borgvall/R. Ramberg: Towards a Methodological Framework for 
HMI Readiness Evaluation. Human Factors and Ergonomics 56, 2349-2353, 
2016. 
[Liu10]  Y. Liu, A.-L. Osvalder, M.A. Karlsson: Considering the Importance of User Pro-
files in Interface Design. In: Mátrai (ed): User Interfaces. Intech, 61-80, 2010.  
[Mol08]  A. Mol: The Logic of Care: Health and the Problem of Patient Choice. London: 
Routledge. 2008. 
[Buc94] L. L. Bucciarelli: Designing Engineers. MIT Press, MIT Press, 1994. 
[Dit08]  Y. Dittrich/K. Rönkkö/ J. Eriksson/C. Hansson/O. Lindeberg: Cooperative 
Method Development. Empirical Software Engineering 13 (3), 231-260, 2008. 
[Tor11]  D. Tore/R. Prikladnicki/K. Rönkkö/C. Reaman/J. Sillito: Qualitative Research in 
Software Engineering. Empirical Software Engineering 16 (4), 425-429, 2011. 
[Han07]  J. E. Hannay/D.I.K. Sjoberg/T. Dyba: A Systematic Review of Theory Use in 
Software Engineering Experiments. IEEE Transactions on Software Engineer-
ing 33 (2), 87-107, 2007. 
[Pas18]  J.-H. Passoth/P. Müller: Socio-Technical Arrangements of Smart Factory HMI. 
In: Schüller/Niggemann (eds): SpringerOpen IMPROVE Special Issue. 
Springer, forthcoming. 
[Sch73]  E. A. Schegloff/H. Sacks: Opening up closings. Semiotica 8, 289-327, 1973. 
[Dew06]  J. Dewey: The Puplic and its Problems. Ohio University Press, 2006. 
[Lat03] B. Latour: Is Re-modernization Occuring – And If So, How to Prove It?: A Com-
mentary on Ulrich Beck. Theory Culture and Society 20 (2), 35-48, 2003. 
[Mea23] G. H. Mead: Scientific Method and the Moral Sciences. International Journal of 
Ethics 33, 229-247, 1923. 
[Dew96] J. Dewey: The Reflex Arc Concept in Psychology. Psychological Review 3, 
American Psychological Association, 357-370, 1896. 
[Mea03]  G. H. Mead: The Definition of the Psychical. Decennial Publications of the Uni-
versity of Chicago (3), 77-112, 1903. 
[Col01] H. M. Collins: What is tacit knowledge? In: Schatzki/Cetina/Savigny (eds): The 
Practice Turn in Contemporary Theory, 115-128, 2001. 
[Pas15] J.-H. Passoth: Heterogenität und die Hybriden: Die Unbestimmtheiten der Ac-
tor-Network Theory. In: Kron (ed): Hybride Sozialität-Soziale Hybridität. Vel-
brück Wissenschaft, 89-108, 2015. 
[Jen01] C. B. Jensen: CSCW Design Reconceptualised through Science Studies. AI & 
Society 15 (3), 200-215, 2001. 
9 
[Gad16] C. Gad/C. B. Jensen: Lateral Concepts. Engaging Science, Technology, and 
Society 2, 3-12, 2016. 
[Jen15] C. B. Jensen/A. Morita: Infrastructures as Ontological Experiments. Engaging 
Science, Technology and Society 1, 81-87, 2015. 
[Ber98]   M. Berg: The Politics of Technology: On Bringing Social Theory into Technolog-
ical Design. Science, Technology and Human Values 23 (4), 455-491, 1998. 
[Hor02] M. Horkheimer: Traditional and Critical Theory. In: Ibid: Critical Theory. Contin-
uum, 188-243, 2002. 
[Nie14] J. Niewöhner: Perspektiven der Infrastrukturforschung: carefull, relational, kolo-
bariv. In: Lengersdorf/Wieser (eds): Schlüsselwerke der Science and Techno-
logy Studies. Transcript, 341-353, 2014. 
[Lat90] B. Latour: Technology is Society Made Durable. The Sociological Review 38 
(1), 103-131, 1990. 
 
